In situ data measured on board AE satellites and rockets reveal spiky and wedgelike electron density structures inside the equatorial ionospheric bubbles. Two models are constructed to simulate the initial stage and fully developed stage of a bubble. Effects of radio propagation through such bubbles are simulated by solving the parabolic equation numerically. The results show that even though the amplitude scintillation at 136 MHz appears to be stationary, such is not the case at gigahertz frequencies. Instead, the amplitude at gigahertz frequencies shows outbursts with large excursions whenever the direct ray intersects the spicky ionization structure. Both the peak-to-peak excursion and the amplitude distribution cannot be predicted by the scintillation theory that assumes the medium to be random.
noted that the development of the phenomenon can be divided into several stages. Early in the evening, just after the local sunset, irregularities that cause spread F and VHF scintillations begin to appear below the F peak. Then, through some nonlinear processes these disturbances in electron density develop into regions of low density and start to rise to the topside rapidly, sometimes in a matter of several minutes, leaving behind a trail of irregularities extending to several hundred kilometers. Inside these-depleted regions the so-called bubbles, irregular structures of electron density with sharp gradients exist. Sometimes wedgelike structures are found to extend upward from the F peak, prompting McClure et al. [ 1977] During this developed stage, radio waves propagating through these bubbles are subject to interactions with sharp gradients as well as small irregular structures of the electron density. Very intense amplitude scintillations have been observed. These bubbles appear mostly before midnight, but on many occasions they have also been observed later in local time [Yeh et al., 1979b] . In the next stage of the development the sharp gradients as well as the turbulence start to decay, and the small-scale structures gradually disappear. In the final stage the irregularities are found to be of larger scale sizes which may still cause scintillation but will not be seen by VHF backscatter radar measurements. Theoretical explanations for the development of the various stages of the phenomenon have been presented by Costa and Kelley [1978] , Kelley and Ott [1978] , Ott [1978] , and Ossakow et al. [1979] . .,• peak-to-peak fluctuations. From the record it is clearly seen that the signal is not stationary. To investigate the relationship between the observed scintillation of transionospheric radio signal and these equatorial bubbles, as shown in Figure   1 , one has to understand the interaction between the radio waves and the complex irregular structures of the bubbles. [1978] showed that although the power spectra of these structures are of power law type, they are quite different from the irregularities generated by a turbulencelike process. The sharp gradients of the observed density fluctuations are associated with a high degree of phase coherence of their Fourier spectral components which is absent in a turbulencelike structure with the same power spectrum. If the statistical scintillation theory is applied to both cases, the same results will be obtained since the two media have the same power spectrum for the density fluctuations. Intuitively, however, the sharp gradients associated with the rapid changes in the electron density will affectsthe radio waves quite differently than the turbulencelike irregularities. Crain et al. [1979] , in an effort to explain gigahertz scintillation, proposed a refractive scattering mechanism for the scintillation phenomenon in which they pointed out the importance of the sharp gradients. Thus, it seems that to understand the scintillation of radio waves through these bubbles, a different approach to the problem is required, one that does not depend on the assumption of statistical homogeneity of the medium and will take into account the effects due to the overall structures of the irregularities rather than depending solely on the power spectrum of the irregularities. One way to achieve these is to forgo the statistical characterization of the medium and avoid the equations describing the moments of the waves. Instead, one concentrates on the wave field itself and follows its evolution as it propagates through the bubble. In this paper such an approach will be followed.
Since forward scattering is still the most important factor, we shall assume that the parabolic equation for the wave field is valid. In section 2 a model describing a bubble passing through the equatorial ionosphere is constructed based on data from in situ measurements and theoretical computations. 
EFFECTS OF SHARP GRADIENTS IN ELECTRON

DENSITY
As shown in the computational results, the sharp gradients in electron density have rather pronounced effects on the received signal, especially at higher frequencies. This can be seen more clearly in Figure  11 , where the gradient of the electron density variations is plotted together with the amplitudes of 4-and 1.5-GHz radio waves that have passed through the developed bubble and received on the ground. The sudden outbursts of amplitude fluctuations coincide very well with the positions where sharp gradients exist. In this section this point will be investigated further to show the possible connections between the sharp gradients and the gigahertz scintillation phenomenon.
As pointed out in the introduction, the results derived from the statistical theory of scintillation depend mainly on the power spectrum of the irregularities. However, it has been demonstrated by Costa and Kelley [1978] that inhomogeneous structures with sharp gradients also have power law type of spectra, as the turbulencelike irregularities do. Therefore if statistical scintillation theory is applied to find the statistical characteristics of waves passing through inhomogeneous structures with sharp gradients, the results will be the same as if the waves had passed through a region of turbulencelike irregularities. On the other hand, in our model computations it is possible to study the distributions of the wave fields as they propagate through the two types of inhomogeneities and check if they have the same statistical characteristics. To do this, we follow the procedure used by Costa and Kelley [1978] to obtain a model for a bubble filled with turbulencelike irregularities that has the same power spectrum as the original electron density variations from the in situ measurements. When the original in situ data for the electron density were Fourier analyzed, the amplitude of the Fourier coefficients 1 follow a K-power law behavior as shown in Figure   - GHz the main contribution to the amplitude fluctuation comes from the sharp gradients, while at lower frequencies other small irregularities may also contribute to the overall amplitude scintillation. Therefore when the sharp gradients are eliminated by randomizing the phase• the scintillations at gigahertz frequencies are more drastically reduced.
This then leads to the conclusion that bubbles with sharp electron density gradients are rather efficient in producing observable scintillations at gigahertz frequencies. Figure 15 shows the histograms for the amplitude distributions for the two cases. For the original profile the amplitude fluctuations span a much wider band than those for the randomized medium. At the same time, there is a larger peak about the mean value of one for the original bubble. This is consistent with the fact that for the original bubble there is not much random scattering due to smallscale irregularities; rather the sharp gradients are mainly responsible for the larger-amplitude excursions.
Similar computations have been made for several other bubbles generated by the phase randomization procedure. The results are all consistent with the general picture discussed above.
CONCLUSIONS
In this paper the problem of radio wave scintillation caused by equatorial ionospheric bubbles is studied using model computations. The models for the bubbles are constructed from in situ measured electron density data and from results obtained in numerical simulations. It is noted that the density variations inside a bubble can at times be very spiky. Sharp gradients make the medium highly inhomogeneous in the statistical sense. Therefore the existing statistical scintillation theory may not be applicable to studying the problem. Instead, these models are used in a direct solution of the parabolic equation to obtain the distribution of the wave fields. The inhomogeneous nature of the medium causes the wave fields to be nonstationary. Many of the features in the observed data are reproduced in our computed results. The most interesting point coming out of the computational results is the fact that sharp gradients in electron density variations affect the field distributions in a way quite different from the way in which the small irregularities do. Sharp large outbursts of amplitude fluctuations are seen to occur at the places where sharp gradients of the density exist. These effects are more pronounced at higher frequencies, namely, the gigahertz frequencies in our computations. The point is further supported by our results when waves are propagated through bubbles generated by randomly mixing the phases of the Fourier components of the original density variations. The results indicate that when the sharp gradients are eliminated in the density variations by the phase randomization, no sudden outbursts of amplitude fluctuations appear, and the scintillation indices are reduced, although the power spectra of the irregularities are still the same. It is therefore clear that the sharp gradients are the major causes of scintillations of gigahertz radio waves propagating through bubbles. For these cases where wedgelike electron walls exist, the scintillation theory based on the power spectrum of the irregularities is inadequate. Our direct approach offers a procedure that does not depend on the assumption of statistical homogeneity of the medium.
It also takes into account such inhomogeneous features of the medium as the extended wedgelike structures. The results of these computations are consistent with our physical intuitions. In general, fluctuations of wave field depend on the fine structure within about one Fresnel radius of the direct path. At a frequency of approximately 100 MHz this radius is more than 1 km, within which substantial structure can be seen (refer to Figure 2) . Consequently, the computed amplitude should show more or less stationarity as expected. As the frequency is raised to above 1 GHz, the Fresnel radius shrinks to 300 m or less. Inside this smaller Fresnel zone the radio rays will fall through either smooth and slow change in electron density, in which case little scintillation will be created, or spiky electron density wedges, in which case edge diffraction effects are strong and large excursions in amplitude are expected. As a result the gigahertz frequency amplitudes are expected to be nonstationary and to show sudden outbursts with an amplitude distribution shown in Figure 15 . When the irregularity structure is Fourier analyzed and its phase randomized, the reconstructed bubble will have small irregularities distributed uniformly. The diffraction of waves from such a reconstructed bubble will produce a stationary field even at gigahertz frequencies, and their scintillation levels are generally reduced from the case when bubbles are composed of spiky structures.
The model we constructed for the bubble is very simple and is far from perfect. In particular, it is two-dimensional and does not take into account any small-scale vertical variations in the electron density profile. However, it does contain the important features we wish to study. A more realistic model will depend on the availability of simultaneous experimental data in a three-dimensional bubble. The scale of such a measurement program will be enormous, and the model of thusly produced three-dimensional bubbles is consequently not expected in the foreseeable future. However, the crude model used in this paper can certainly be improved as more experimental data are made available.
